Despite the economic and food security importance of the Kazakh wheat sector, current statistics suggest a yield gap between actual and potential yields. In view of this, farmers, stakeholders and the government are looking for agricultural technologies to increase the output. To this end, adoption of certified seeds is being promoted. The reasoning is that certified seed is produced from seed of known genetic origin and genetic purity, in a controlled and tested manner, processed and declared in accordance with the Law on Seeds and thus, could aid in producing maximum obtainable output. Unfortunately, little is known on whether this could affect wheat production and technical efficiency more than the conventional seed as such a subject has never benefitted from empirical analysis. To begin to fill this research gap, data from smallholder farms in Kazakhstan is used to evaluate the impact of adoption on technical efficiency by applying the stochastic production frontier. Results indicate that adoption of certified seed has productivity effects. Precisely, adopters are 20% more efficient than their counterparts. To a large extent, this is attributable to the quality of seeds used. Therefore, our study demonstrates the importance of certified seed adoption and accentuates the role governments can play in ensuring seed quality for enhanced technical efficiency.
Introduction
Agriculture is one of the prime movers of the national economy in most developing countries (Babu & Pinstrup-Andersen, 2000; Baydildina et al., 2000) . For instance, in Kazakhstan, the wheat industry contributes substantial economic and social benefits. As a matter of fact, wheat accounts for 80% of total cropping land, making Kazakhstan the third largest wheat grain producer and the second largest net exporter among the Balkan sea countries (Pomfret, 2014) . Particularly, its involvement in wheat production and export potential makes the country unique among central Asian countries because wheat is a strategic crop for food security and livelihood improvement. Since wheat is a dominant crop, any change in production is more likely to affect the producers' welfare and national economy (Satybaldin, 1998) . In view of this, the government and development partners have been emphasizing the need for increased adoption of modern agricultural technologies to enhance productivity (Adesina & Zinnah, 1993; Admassie & Ayele, 2004; Boothby, Dufour, & Tang, 2010) . In this regard, use of certified seeds is held as priority and prominent in their campaigns.
Different from other Asian countries, Kazakhstan seed system is strongly managed by the state under agricultural and research institute (FAO, 2013) . The system has existed from 1992 and is quasi-monopolized with an inclusion of Scientific Research Institutes (SRI) which provides and inspects quality of certified seed. In addition, agricultural research institutes and universities are the sources for the pre-basic and basic seed. Kazakhstan seed sector is administered and controlled by legislation and rules that were approved by representative parliaments. Seed certification and quality control services are provided by the public sector throughout the region. The inspection of seed producers' fields with some decentralized laboratories, control of the quality of seed marketed and inspection of processing plants remains the responsibility of the state (Abou-Jawdah, Sobh, & Saad, 2001; Auriol & Schilizzi, 2003) . All administrative regions and district level decentralized laboratories report directly to the Ministry of Agriculture. Also, all development stakeholders in the region are sensitized on the importance of improved seed in contributing to boost agricultural productivity and production. The principal seed policy has been to ensure a continuous and wide use of high quality seeds. Therefore, in an attempt to incite adoption of yield-increasing technologies, the government of Kazakhstan has been promoting and actively participating in certified seed validation.
The discouragement of uncertified seeds is motivated by the fact that: (i) prolonged use leads to a decline in fertility (Jørgensen, Hauser, & Jørgensen, 2007) ; (ii) often infected with warehouse insects and diseases (Gaines, Preston, Byrne, Henry, & Westra, 2007) ; (iii) contain more weeds, broken seeds, and empty shells and (Gaines et al., 2007; Jørgensen et al., 2007) ; (iv) can only be protected with lower quality pesticides (Gaines et al., 2007) . However, up till now, there is limited proof to validate whether use of certified seeds improves technical efficiency (the ability to produce maximum obtainable output from a given set of inputs under an existing technology). Thus, to a great extent, the lack of empirical evidence may have obstructed the formulation of policies capable of simultaneously addressing the current volatility in wheat productivity and rural development (Brown & Miller, 2008) .
For the last two to three decades, a number of in-depth improved agricultural technology adoption studies have been conducted and agricultural transformation strategies were designed. Majority of the technological input studies focused on the promotion of improved crop varieties adoption to boost productivity and household income of rural poor farmers. Mathenge, Smale, and Olwande (2014) , found that adoption of high yield variety of selected cereals (Maize, wheat and rice) impacts on household welfare and poverty reduction in Asia and Latin America. Langyintuo and Mungoma (2008) also add that to realize rural transformation and production enhancement, input technology change is a fundamental element. Thus, the assertion is that households who use ordinary seed have more challenge on food security and poverty than those who use improved seed. Likewise, Shiferaw, Kebede, Kassie, and Fisher (2015) , support this logic and stated that, introducing new agricultural technology can benefit poor subsistence farmers and more educated farmers by providing basic information to enhance productivity. However, the major weakness of the aforementioned studies is the failure to state whether the improved seeds were certified and if so how the certification system was operated. Also, the methodological discrepancies of failing to account for biases from observed variables in estimating productivity effects. Therefore, to bridge the research gap, this present study investigates whether farmers indeed adopt certified seed and the impact it has on technical efficiency. The results are very essential for policymakers because wheat is a staple food for most developing countries and as such measures that scale up the efficiency in production are pivotal for attaining zero hunger and poverty reduction. Particularly for Kazakhstan, since majority of the population live in rural area, increasing productivity to address food security is highly prioritized and considered as solution.
Consequently, the study contributes to the literature in two ways. First, we attempt to establish the adoption intensity of certified wheat seeds. This is very important because availability of agricultural innovations does not necessarily mean farmers are making use of it to leverage the benefits from espousal. Second, we employ a robust empirical strategy that addresses endogeneity, an element that leads to biased estimation which eventually makes policy formulation not cogent enough for the intended objectives. Given the need for agriculture to augment food production, ensuring that policy is informed using robust estimates is mandatory.
The remainder of the paper is structured as follows: Section 2 presents the materials and methods, Section 3 presents results and its concomitant discussion and Section 4 concludes and provides policy recommendations.
Materials and Methods

Study Site
The study was conducted in Kazakhstan's northern region (Akmola, Kostanay and North Kazakhstan) (Dara et al., 2018) . The country has a population of 18,497,318 and is the ninth largest country in the world (2,717,300 sq. km). Agriculture is one of the leading branches of the economy, and the share of the agricultural sector in the Gross Domestic Product (GDP) is approximately 5-6%. More than 74% of the country's territory is suitable for agricultural production, but only 25% of the land is arable. The primary agricultural products are wheat, corn, rice, oats, cotton, potatoes, vegetables, sugar beets, and sunflowers. Experienced and well-trained enumerators collected the data using a structured pretested questionnaire. This instrument was substantially rich in content because it included many variables related to the institutional center access, farming practices, farming inputs, actual production, and revenue from wheat sales. To comprehend the impact of certified seed adoption realistically and correctly, a question on the status of certified seed adoption was asked explicitly. Other demographic and socioeconomic data were also collected. The explanatory variables and factors in production disclose that there are significant differences in characteristics between adopters and non-adopters (Table 2) . Note. The figures in parentheses are the standard errors of the mean, while *, **, and *** indicate the statistical significance levels at 10%, 5%, and 1%, respectively.
Key Variable Measurement
Certified seed adoption is the primary explanatory variable and is captured as a dummy variable. We consider a household as an adopter if they used at least one type of certified wheat seed during the survey year. Accordingly, 1 is for adopters and 0 is otherwise. This approach is consistent with that of many researchers who have studied seed adoption (Admassie & Ayele, 2004; Shiferaw, Kassie, Jaleta, & Yirga, 2014; Teklewold, Kassie, & Shiferaw, 2013; Varma, 2018) .
On the other hand, the technical efficiency level of each wheat farmer is a key output variable that is used to facilitate assessments of whether the adoption of certified seed is associated with improved efficiency. Thus, a stochastic frontier analysis is applied as explained in the empirical strategy section.
Econometric Framework and Estimation Strategy
A one-step stochastic frontier analysis (SFA) is applied to model the wheat farmers' productivity by employing the Cobb-Douglas production function on a matched sample (to address biases emanating from observed characteristics using propensity score matching-'1-1 nearest neighbor matching without replacement'). The SFA is a parametric approach formulated by Aigner, Lovell, and Schmidt (1977) on which efficiency measurements rest; it is generally specified is as follows:
where, Y i is the output of the i-th farmer, x i is a vector of the inputs, β is a vector of parameters to be estimated, and v i~N (0,δ v 2 ) and u i~N + [f(μ,α),δ u 2 ] are the random error and the inefficiency term, respectively.
From Equation 1, Battese and Coelli (1995) indicate that the factors influencing technical efficiency can be estimated as follows:
Finally, TE is given by Equation 3,
where,
is the observed production with inefficiency and y i * = f(x i ,β)exp(v i ) is the frontier output quantity with no inefficiency.
With the aid of several estimation tests and rational indicators relevant to the properties of the different production models (we shortlisted the translog and CD), the best model for the given data can be selected. In our case, the general procedure used to select the best model consists of conducting a likelihood ratio (LR) test after running both models as recommended by Belotti, Daidone, Ilardi, and Atella (2013) , and Kumbhakar, Wang, and Horncastle (2015) . This procedure ensures that a correct statistical decision is expressed based on the likelihood of how many additional times the data are under one model than its counterpart and the accuracy of the specified distributional assumption in the inefficiency estimation. The LR test general form is given by:
where, L(H 0 ) and L(H A ) are the values of the likelihood function under the null and alternative hypotheses, respectively.
The LR test is employed as a statistical test to compare the goodness of fit of two models. Based on the likelihood ratio, a null model is compared to an alternative model. Despite the translog function being a general form in most productivity analyses, the parameters of CD are appropriate and suitable in our case, as confirmed by the statistical insignificance (0.741) of the LR test. The CD function and its respective inefficiency function are specified as follows:
where, Y i is the wheat output, X i is a vector of the four classical inputs (land, fertilizer, seeds, and labor), β 0 , α 0 , α 1 , α i and β i are parameters to be estimated, m i is a vector of other determinants of technical inefficiency other than certified seed adoption, u i is a non-negative inefficiency component that follows a truncated-normal distribution and v i is a random error following a normal distribution for the production function while z i is a random error for the inefficiency model. Table 3 presents the adoption intensity of the adopters. The figures are conclusive in showing that certified seeds are being used by the wheat farmers (although not in high enough amounts) and that there are various varieties of certified wheat seed available. The data provided by the adopters during questionnaire pretesting revealed that they only use certified seed of certified genetic origin to attain full fruition, which is the goal of any producer (Turner, Ortmann, & Lyne, 2000) . In support, Iqbal, Khan, Ahmad, and Ahmad (2001) contends that the prevalence of certified seed adoption for any crop will definitely lead to increased production, especially when the current environment (climate change, loss of soil fertility and increased pest attack incidences) does not favor full-fledged production under normal circumstances. Table 4 presents the results of the SFA from which the impact of certified seed adoption on technical efficiency can be comprehended. We find that adoption of certified seed positively and significantly influences technical efficiency. This implies that given a fixed set of agricultural inputs, adopters produce wheat output closer to the maximum obtainable output than their counterparts. This result is plausible considering that a seed certification process guaranteeing seed quality has been developed in Kazakhstan (Abou-Jawdah et al., 2001; Auriol & Schilizzi, 2003) . The process starts with establishing the seed crop varietal, crop nurture and testing by experts, and ends with harvesting, processing, quality control and labeling under the supervision of the Ministry of Agriculture. This is done in strict accordance and only producers formally listed in the seed register participate (Mangold & Bonner, 2006) . Also, while seed processing is done at registered processing facilities, quality testing is carried out at accredited laboratories and package labeling is issued by the organization approved by the Ministry of Agriculture. It is anticipated that such an undertaking would assist farmers to realize a healthy and bountiful crop because the processed seed is considerably higher than the conventional uncertified seed on account of uniformity of seed size and quality (Goletti & Chabot, 2000; Meng, Longmire, & Moldashev, 2000) . According to Iqbal et al. (2001) , certified seeds are not only of good quality (i.e., free from damage or immature seeds and diseases) but also high in germination and vigor as well as genetic purity (Bernard, Hellin, Nyikal, & Mburu, 2010) . Considering that farmers are truly adopting certified seeds as revealed in Table 3 , the results obtained in the SFA estimation is validated.
Empirical Results and Discussion
Intensity of Certified Seed Adoption
Technical Efficiency Effects
Similarly, Bernard et al. (2010) hypothesize that adopters of certified seed are likely to achieve higher yields (10-30%) than their counterparts because they are using higher quality seeds. The belief by adherents of certified seed adoption is that only seeds treated and processed at registered facilities meet the prerequisites of a productive crop, warranting a remarkable harvest. Therefore, certified seed adoption facilitates higher yields (Jang & Olson, 2010) consistent with the postulation by Iqbal et al. (2001) .
Other significant determinants of technical efficiency include the household size, gender, education attainment and access to credit. The household size is very important for wheat farmers because it is a source of labor. We find that larger families have low technical inefficiency. As the household size increases, there is a more equitable labor distribution in the given task, leading to greater concentration, which facilitates improved technical efficiency. Our finding is similar to that of Amos (2007) but differs from the result of Mwalupaso, Wang, Rahman, Alavo, and Tian (2019) , who found that the household size negatively influences the technical efficiency.
Gender is significant in improving the technical efficiency (Overfield & Fleming, 2001; Udry, Hoddinott, Alderman, & Haddad, 1995) . One possible explanation is that most household heads are males and thus their numbers in the sample is higher. Another explanation is that more males than females are engaged in wheat production in Kazakhstan. In many studies evaluating the determinants of technical efficiency, gender has been found as a significant factor. While females play a significant role in agricultural activities, some tasks such as plowing are not performed by women. For this reason, male-headed households are more efficient than female-headed households, consistent with the finding of Dadzie and Dasmani (2010) but contrasting with the result of Chirwa (2007) . Jaime and Salazar (2011) assert that education expedites learning, advances access to information, endorses forward-looking attitudes, and eases the adoption of new technologies. Other scholars (Binam, Gockowski, & Nkamleu, 2008; Külekçi, 2010; Rahman, 2010; Solís, Bravo-Ureta, & Quiroga, 2009 ) support this assertion, which could be the best explanation for the positive and significant impact of education on technical efficiency. Our finding is consistent with that of Hyuha, Bashaasha, Nkonya, and Kraybill (2007) , who also indicated higher levels of education as a determinant of productivity.
Finally, for the significant determinants, access to credit allows farmers to acquire the required resources for success in farming. More specifically, it provides the finances required for the optimal growth of the crop and has the potential to lead to the maximum obtainable output. According to Pius Chinwuba and Odjuvwuederhie Emmanuel (2006) , credit is an important source of financing that empowers farmers to procure agricultural inputs in a timely manner, and this credit increases the probability of obtaining the maximum output from the deployed inputs. In addition, since the availability of loans reduces capital constraints, it is anticipated that credit access could influence the technical efficiency. However, Feder, Lau, Lin, and Xiaopeng (1989) caution that, in most cases, this type of effect depends on the size of the available credit.
We also find that access to extension service is not significant for non-adopters but significant for adopters. This result suggests that the extension service or the approach used is not effective for achieving the desired objective. By default, households that frequently contact extension experts are expected to adopt new technology and have better access to information (Gelaw & Bezabih, 2004) , which leads to farm productivity as concluded by Mwalupaso et al. (2019) .
Contrary to our expectation, the experience of the farmer is insignificant. Since the expected acquisition of dexterity leads to auspicious outcomes (Ritson, 1997) , an insignificant result suggests that experience alone is not enough in this case. There could be some conditions that need to be met for this factor to be significant, and adoption of certified seed could be one of them. Some factors (diseases) are outside of farmer control regardless of their experience, and so this could best explain the lack of cogent impact on technical efficiency. Our finding is similar to that of Oladeebo and Fajuyigbe (2007) but differs from that of Gul, Koc, Dagistan, Akpinar, and Parlakay (2009) , who found that farming experience has positive and significant impacts on technical efficiency. To understand the efficiency levels across groups to a satisfactory extent, Figure 2 presents the distribution. Compared to adopters, the majority of non-adopters have efficiency scores lower than 70 percent. As earlier stated, given that the government is involved in the registration and monitoring of registered seed certification outlets, an increased efficiency is expected. Figure 2 . Technical efficiency distribution
Conclusion and Policy Recommendation
Seeds are the basic unit of plant propagation and as such they are the most pivotal agricultural input for increased agricultural productivity. In Kazakhstan, a leading producer of wheat, the government has been stimulating the adoption certified seeds in an attempt to augment farmers' technical efficiency. It is anticipated that such an undertaking would assist farmers to realize a healthy and bountiful crop because the processed seed is considerably higher than the conventional (uncertified) seed regarding uniformity of seed size and quality. However, there is limited evidence on the impact of certified seed espousal on technical efficiency. Therefore, the present study was undertaken to establish the adoption intensity and evaluate the technical efficiency effects.
The findings indicate that farmers are indeed adopting various available certified seed varieties and this has positively influenced their technical efficiency in wheat production. One distinct and cardinal element to this effect is the role of the state in actively participating in the seed certification process to ensure that the processing and distribution conforms to the seed laws. This suggests that there is authenticity in quality of the seeds considering that government is keen to achieve increased productivity in wheat production owing to the contribution it makes to the livelihoods of farmers and the national economy. Therefore, Kazakhstan provides a learning case for countries seeking to achieve improved technical efficiency on account of certified seeds.
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